This paper consists of a translation of André Tacquet's discussion of the question of sizes of stars in a heliocentric universe, as published in his posthumous Opera Mathematica of 1668, along with introductory material and analysis. While Robert Hooke mentions Tacquet as one of the "great Anti-copernicans", who argued the question of star sizes against the heliocentric theory with "great vehemency and insulting", Tacquet's discussion has received only scant attention. The kernel of Tacquet's argument is that the absence of any detectable parallax in the stars, combined with the measured apparent sizes of the stars, means that, in a heliocentric universe, the sizes of stars compare to the size of Earth's orbit via the same proportion that they compare to the size of the Earth in a geocentric universe.
obert Hooke in his 1674 An Attempt to Prove the Motion of the Earth called attention to the ideas of one of the people he identified as being among the "great anti-Copernicans": André Tacquet. Hooke was describing-...a grand objection alledged by divers of the great Anti-copernicans with great vehemency and insulting; amongst which we may reckon Ricciolus and Tacquet, who would fain make the apparent Diameters of the Stars so big, as that the body of the Star should contain the great Orb [Earth's orbit] many times, which would indeed swell the Stars to a magnitude vastly bigger then the Sun, thereby hoping to make it seem so improbable, as to be rejected by all parties. 1 I have discussed in some depth the anti-Copernican work of the other person Hooke identifies as a great anti-Copernican, Giovanni Battista Riccioli. 2 This paper will provide a brief introduction to Tacquet, and a translation of his star size argument against the Copernican heliocentric theory-the grand objection noted by Hooke.
Tacquet lived from 1612 to 1660. Like Riccioli, he was a priest, and in the order of the Society of Jesus. References to Tacquet are not common in recent scholarship. Perhaps this is in part because, in the words of G. H. W. Vanpaemel (in a piece on "Jesuit Science in the Spanish Netherlands"), Tacquet's life was "was utterly uneventful; he apparently never ventured outside the borders of his native province". It may also be because, according to Vanpaemel, while Tacquet produced original work, much of his effort was spent on teaching mathematics, and on producing work for teaching. 3 However, Tacquet's version of the grand anti-Copernican objection has not been wholly overlooked. Vanpaemel writes:
Elaborating on a well-known argument against heliocentrism, Tacquet proved that in the Copernican hypothesis the proportion of the dimensions of the fixed stars to the distance earth-sun, would be equal to the proportion of the dimensions of the same stars to the radius of the earth in the geocentric hypothesis. In the Copernican hypothesis therefore, 1 (Hooke 1674, 26) 2 (Graney 2015) 3 (Vanpaemel 2003, 406) R the stars needed to be much larger and heavier than in the traditional view, a conclusion which conflicted with intellectual economy. 4 Here Vanpaemel cites Tacquet's posthumous Opera Mathematica. 5 However quiet and teaching-focused Tacquet may have been, Hooke was aware of his work, and thought that he stated his argument with force.
Tacquet's argument is based on the apparent sizes of stars. Astronomers from Ptolemy to Tycho Brahe had determined the apparent diameters of the more prominent (first magnitude) fixed stars to be roughly a fifteenth the apparent diameter of the moon. The wandering stars (planets) had similar apparent diameters. 6 The advent of the telescope prompted a reassessment of the apparent diameters of both fixed and wandering stars.
For example, consider the case of the wandering star Venus. A keen eye indicated the apparent diameter of Venus to be approximately one tenth the apparent diameter of the moon. But through the telescope Venus's disk showed a smaller, significantly variable apparent diameter, and phases (Figures 1, 2) . The thought was that the telescope stripped away the glare or "spurious rays" from Venus, revealing the true size and appearance of that wandering star.
The telescope was thought to also do the same thing for fixed stars. The apertures used on telescopes of the seventeenth century revealed fixed stars to be distinct disks ( Figure 3 Note Flamsteed's indication that the disk of Sirius is more clearly defined than that of Mercury. Flamsteed cites this observation in a discussion about the apparent diameters of fixed versus wandering stars, proceeding to argue that Mercury and Sirius were both observed with the same telescope, and the same aperture, so clearly they both had the same apparent diameter. 8
In fact, in the case of a fixed star, the disk revealed by the telescope was false, a product of the diffraction of light through the small aperture of the telescope. On the other hand, in the case of Venus, the disk (and its phases) revealed by the telescope was true. This was surely a most difficult issue, not to be fully worked out until a satisfactory wave theory of light was developed. 9 At any rate, as Flamsteed's 1672 observation record shows, during much of this time the telescopically observed and measured disks of stars were thought to be the true bodies of those stars.
If stars seen from Earth have measurable disks, then in a Copernican universe-where the stars must be very distant in order to explain the lack of any annual parallax (that is, any measurable effect in the appearance of the stars as a result of Earth's orbital motion)-it necessarily follows that every visible star must be enormous. Otherwise, no visible star would show measurable size.
Since apparent sizes could be measured, then every visible star must actually exceed the size of Earth's orbit. Why? Because, in the Copernican universe the size of Earth's orbit is vanishingly small compared to the starry universe. But the stars have small but measureable apparent sizes.
As "small but measurable" is larger than "vanishingly small", every visible star had to be larger 7 (Herschel 1828) 8 (Baily 1835, 205) , (Graney 2015) 9 (Graney and Grayson 2011) than Earth's orbit. This compact expression of the star size argument was put forward by J. G.
Locher and Christoph Scheiner in 1614. 10 The star size argument dated as least to Tycho Brahe, well prior to Locher and Scheiner.
Giovanni Battista Riccioli reinforced it with extensive telescopic observations well afterwards, as Hooke notes. And, per Hooke again, Riccioli (and Brahe) used the giant stars as an argument against the Copernican system. 11 But many Copernicans embraced the giant stars. Notable among these was Johannes Kepler, who argued that all visible stars were larger than Earth's orbit, and the most prominent ones were larger than Saturn's orbit (and thus larger than an entire geocentric universe). Kepler used the giant stars as an argument that, contra Bruno, the stars could not be other suns, orbited by other Earths-because basic observations and calculations showed that the stars were not other suns. 12
Obviously Tacquet was using a version of the star size argument decades after Kepler, as Hooke notes. Tacquet gives the argument a slightly different flavor, however, and the flavor is a little different than what Vanpaemel describes. Tacquet notes that the baseline for parallax observations in a geocentric universe is the Earth itself-that is, the two most widely separated positions from which an astronomer can observe the stars are the opposite sides of the Earth. In a heliocentric universe, the baseline is Earth's orbit. Thus, says Tacquet, whatever the proportion was between the sizes of stars and the size of the Earth in the geocentric universe, that proportion must exist between the sizes of stars and the size of Earth's orbit in the heliocentric universe. Let us now see exactly what Tacquet has to say on this. 13 10 (Graney 2017, 30) 11 (Graney 2015, 32-38, 129-139) 12 (Graney 2019) 13 (Tacquet 1668, 205-209) Locher and Scheiner's discussion, mentioned above. 16 Through the character of Salviatti, Galileo gives a smaller measure for the apparent diameter of a star than does Tacquet, Riccioli, and Flamsteed, 5′′ rather than roughly 15′′. 17 But per Scheiner and Locher's argument about "small but measurable" being larger than "vanishingly small", the conclusion that every visible star had to be far larger than the sun still held. 18 No definite refutation of the argument is produced by Salviati, Sagredo, and Simplicio in their discussion. Scheiner and Locher's argument was simple and robust, and would only be refuted when astronomers determined that the disk of a star revealed by the telescope was false. Evidence for this would begin to accumulate in the latter part of the seventeenth century. 19 As we have seen here, Tacquet's version of the star size argument was also simple and robust.
While Hooke describes him and Riccioli as putting the argument forward "with great vehemency and insulting", Tacquet's presentation of it seen here is very straightforward. Perhaps a more vehement and insulting (and even more entertaining) version is to be found in other of his works. 15 (Galilei 2001, 416-432) 16 (Galilei 2001, 416) 17 (Galilei 2001, 417) . Galileo states in a variety of his writings over a wide span of years that stars seen through a telescope measure a few seconds of arc in diameter-see (Graney 2015, 45-49) . 18 (Galilei 2001, 430, 432) 19 (Graney 2015, 148-155) , (Graney 2019) 
